


























Figure 15. Technician J. Hrobak measures duff moist-
ure with handheld DMM600 (Campbell Scientific,
Inc.).

than depth strata alone (Wilmore 2001) due to the very
different bulk densities and drying capacities of these
layers (Appendix D). However, data from Tanacross
and Anchorage suggests that when the dead moss layer
is superficial, it can respond to precipitation events
smaller than those used by the drying equations. When
differentiating fuel layers proves difficult or layers
have been disturbed (such as in thinned areas with dis-
turbed moss), we recommend samplers revert to depth
strata for collecting samples, ensuring the sample for
dead moss layer is about 5-10 cm and the upper duff
sample about 10-20 cm. In time, ongoing research
may provide a table to relate duff moisture directly to
ignition/consumption, providing a more direct means
to predict site-specific fire behavior.

Comparisons of FWI indices and duff moisture are
best accomplished with an on-site RAWS station. Even
when the nearest RAWS was close, it proved difficult
to tease out patterns of deviation from variance due to
local weather and microsite conditions. The “White-
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horse” equation (Eq. 5, Appendix C) provided a better
fit over a wider range of values to calculate a DC from
observed upper duff moisture contents, even though
Wilmore’s black spruce/feather moss equation fits data
better when samples are relatively moist.

In the future, conductivity-based moisture sensing
instruments may prove to be a useful tool for valida-
tion of FWI trends and for rapid site assessment. In
situ moisture probes on remote weather stations placed
by the PNW AirFire group have proven to be durable
and low maintenance. The probes appear to be providing
useful moisture trend data to “truth” trends in RAWS-
generated FWI, although calibration to specific moist-
ure content is difficult. Ongoing research may provide
new innovations and calibration equations to improve
the ability to estimate actual moisture content. In ad-
dition, the buried probes record the actual thaw date of
the relevant duff layers in the spring, so that managers
know the exact date to start calculations of drying.

A handheld conductivity device to measure duff
moisture (DMM600, Campbell Scientific, Inc.) proved
a useful means of fuel moisture rapid assessment, par-
ticularly after local calibrations for gravimetric moisture
content were developed (Appendix C). Mineral content
induff(especially wind and flood-deposited) affects bulk
density (and therefore weight-based moisture content)
as well as the ability to sustain combustion. The duff
moisture meter tended to slightly overestimate fuel
moisture compared to oven-drying in our small study
(N=12). However, these samples were taken in the Tok
area using a Fairbanks bulk density calibration. Finely
chopping the samples and selecting representative sites
to sample are key to achieving consistent results.

In conclusion, our studies from 2002-2004 have
yielded important information about forest floor mois-
ture characteristics and means to assess it, but much
remains to be learned about its effects on fire behavior.
The Joint Fire Science Program is currently conducting
research on effects of forest floor moisture on depth of
duff consumption and smoke production on wildfires
(Ottmar and Babbitt, pers. comm.). These studies as well
as Hungerford’s (1996) work and ongoing work by Jim
Reardon atthe USFS Rocky Mountain Research Station
demonstrate that moisture and inorganic con-tent are
both key factors that influence whether ignition occurs
and thus how much duff is consumed. With up to 170
tons/acre of biomass in the forest floor, compared to
about 20—40 tons/acre of above-ground biomass, the
implications for smoke are clear. Also, fire events that
produce deep, smoldering ground fires result in more
substantial and enduring ecological changes.
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Appendix C. Equations.

Two Alaska feather moss/duff calibration equations were provided by the USFS Rocky Mountain
Research Station for the Campbell Scientific, Inc. duff moisture meter, based on testing over a range
of moisture conditions at two Alaska locations with differing mineral concentrations in duft (Fair-
banks and Delta). Lab DMM600 samples were within 10% of actual gravimetric moisture content.

Eq. 1: Fairbanks (25 % average mineral content)
Gravimetric Moisture content = (-1.234 * Frequency 2) + 63.134 * (Frequency) - 479.815

Eq. 2: Delta (40 % average mineral content)
Gravimetric moisture content = (-.75 * Frequency 2) + 33.511 * (Frequency) - 84.321

Three equations were used to convert observed moisture values to moisture index codes. MC is the
percent gravimetric moisture content of a specific duff layer, either by depth or by fuel type. Based
on work by B. Wilmore (2001), we calculated the Drought Moisture Code (DMC) from the moisture
content of the “Dead Moss” layer, and the Drought Code (DC) from the moisture content of the “Up-
per Duft” layer. The following equation was used to calculate the DMC:

Eq.3 White spruce/feather moss (Whitehorse, Yukon) (Lawson et. al. 1997a)
DMC = {[In(MC )](-20.9)} + 149.6

The following equations were used to calculate the DC:

Eq. 4 Black spruce/feather moss (Fairbanks, AK) (Wilmore 2001)
DC =1/exp[(MC - 833.15) / 108.09]

Eq.5 White spruce duff (Whitehorse, Yukon) (Lawson and Dalrymple 1996)
DC = [In(488.4/MC)] x 267.9
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Appendix D. Bulk densities (mg/m?) for feather moss determined in various Alaska locations, 2003.

Site Live Moss | Dead Moss | Upper Duff | Lower Duff
Ft. Wainwright, .
IFS Control 0.024 0.030 0.036

Ft. Wainwright,

TFS Treatment 0.021 0.033 0.076 0.186
Campbell Tract 0.050 0.207 0.425 0.983
Tanacross, 0.009 0.024 0.044 0.075
Control

Tanacross, 0.018 0.035 0.063 0.091
Treatment

May Creek 0.021 0.042 0.106 0.279
Ft. Wainwright

(Wilmore 2001) 0.012 0.021 0.041 0.107
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